Introduction

26
Following the landmark publication of the Hodgkin-Huxley model of nerve-cell action potential 27 over six decades ago Hodgkin and Huxley (1952) , electrophysiological models of increasing com-28 plexity have been developed to describe the cardiac action potential (AP) and its interaction with 29 the intracellular calcium (Ca 2+ ) signal, which links electrical signaling to mechanical contraction in 30 cardiomycoytes Bers (2001) . As illustrated in Fig. 1 et al. (2008) and Na + modulates cAMP-dependent regulation of ion channels in the heart Harvey reveals that conductances are strongly correlated due to compensatory effects of those currents on 126 the CaT. 127 On the experimental side, a major challenge is to test whether different GES produced by any 128 given search method are representative of different individuals in a genetically diverse population.
129
Performing this test generally requires distinguishing quantitatively the variability of conductances 130 and electrophysiological phenotype observed in cells extracted from the same heart (intra-heart cell-131 to-cell variability) from the variability of the same quantities between different subjects (inter-subject 132 variability). Making this distinction is made extremely difficult by the fact that AP features and 133 conductances vary significantly between cells extracted from same region of the heart Banyasz et al.
134
(2011); Groenendaal et al. (2015) and that regional (e.g. ventricular base-to-apex and epicardium 135 to endocardium) variations of ion channel expression are also present. The search was conducted by defining a cost function efficient than a random search without optimization that yields very few GES.
224
Results of the GES search are shown in Fig. 3 . of SR Ca 2+ load (Fig. 2E) . In contrast, the histogram of SERCA is very narrow. This feature, which 235 persists even if Na + sensing is removed (Figure 3-Figure Supplement 1 current conductances and 2 Ca 2+ protein expression levels). However, SERCA expression and NaCa varied from 1 to 7 so that several hearts of each strain were needed to obtain enough independent 275 measurements to statistically distinguish intra-heart cell-to-cell from inter-strain variability (see 276 data in Methods).
277
The results of current and contraction measurements are shown in 4A. We conclude that inter-strain variability of ion channel conductances can be distinguished from 298 cell-to-cell variability of those same quantities for a significant number of the strains investigated. To address those two aspects, we constructed tissue scale computational models for 3 mouse 330 strains with statistically distinguishable average conductances (as illustrated for Ca,L in Fig. 5A ).
331
Tissues of each strain consisted of 56 × 56 electrically coupled cells (see Methods for details).
332
Simulations were carried out with and without electrical coupling to asses the effect of the latter. hence different aggregate contraction (Fig. 5G) .
360
In summary, our results show that compensation remains operative at the organ scale because 361
CaT amplitude histograms have similar means with and without electrical coupling (Fig. 5E ). This feedback via the autonomic nervous system. Hence, fixing the diastolic and peak [Ca] distinguishing intra-heart cell-to-cell variability from inter-subject variability has so far proven 461 difficult since different subjects have different genetic backgrounds. Therefore, electrophysiological 462 experiments that use cells isolated from the heart of a subject with a specific genetic background 463 cannot be assumed to be repeatable in other subjects.
464
In the present study, we have leveraged the fact that different mice in the same HMDP inbred 465 strain are isogenic to distinguish for the first time intra-heart cell-to-cell variability from inter- (Fig. 4A) show that for 8 out of the 9 strains in which all three 477 currents were measured, the currents accurately compensate each other as predicted by the GES strains and the L-type Ca 2+ current alone was measured in 16 strains.
552
Contraction analysis 553 The length of ventricular myocytes was measured and analyzed using the method described by 554 Sdek et al. (2011) . Briefly, myocytes were imaged during pacing using a high-speed charge-coupled 555 device-based camera (128 × 128 pixels; Cascade 128+; Photometrics) at 290 frames per second.
556
The acquired video image data were then processed using Imaging Workbench software (version Table 2 .
561
Heart extraction and mass measurement for cardiac hypertrophic response 562 At sacrifice, hearts were excised, drained of excess blood and weighed. Each chamber of the heart 563 (LV with inter-ventricular septum, RV free wall, RA and LA) was isolated and subsequently weighed.
564
Cardiac hypertrophy was calculated as the increase in total heart weight after isoproterenol (ISO) 565 treatment compared to control animals (see Table 3 Table 3 . Heart mass before and 3 weeks after Isoproterenol (ISO) injection. of the 6 parameters varied in this study are given in Table 4 . 
where the SR leak flux and RyR release flux are given by 
( ) = 50 ( ) 
Buffering to Troponin C is given by
The SERCA uptake pump The rate of change of the membrane voltage V is described by the equation
, = −2 (23)
where is the external stimulus current driving the cell. 
Sodium background leak (I Na,b ) 
We use a lattice size of Δ = 225 , such that the 56 × 56 lattice represents a 1. 
715
Since we want to minimize ( ⃗ 0 ), we refer to ⃗ 0 as the best point, to ⃗ as the worst point, 716 and to ⃗ −1 as the next worst point. Let ⃗ refer to the centroid of the points in the vertex. 
